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THE CRYSTAL STRUCTURE QF ZINC 8=HYDRQXY<JUINOLINATE DIHYLRATE
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S INRARY

The crystal structure of sinc B-hydraxryquinolinate dimydrete, Zn(CoHgsH)gz.
2130 has been determined by single ¢rystal methods, The unit cell is mcnoclinic Wit

a = 11.204° b o= 5,424 ¢ = 13,164° B = 106° 18!

The space group is P,l/ ~ C%;n and there mre two molecules per unit cell,
a

atomis positions were determined by Fourier projections and were refined by a
tr2aedimenai cnal Fourier olectron~density ayntheais and by the method of least
. 28Quares, Structure factors were cbtajzed from visually estimated intensitdes on

Wg photographs taken with Cu Ka rafation,

R

The moleculs, with the exception of the water molecules, is essentially plansr,
Including the water nolecules, there is a sort of distorted octahedral arrangement
¢f bonds around the contral zinc ion, The Zn=0 and In~N bond lengths are 2,054°
ard 2,06h°, respectively, while the Zn-CH, bond length is 2,274°,

INTRGDUCTIION

This report 18 the second in a series fronm these lacoratories dsaling with the
crystal structure of organic *eagem;s of analytical inmportance and the complexes
they form with metallic dons, The Iirst report (Merritt end Lanterman, 1952)
corcernad the structure of Jmﬁwlglycxim vnlixe dimethylglyoxios vrhicn is
quite seleciive in its action, &-hyiroxyquinoline reacts with a large nu=ber of
different ions,

Experimental Tecnnique, Unit Cell and Space Group

‘)

Single crystals of zirc b-hydroxyquinclinate dinydrate are guite diffi
to prepare, The ginc salt is precipitated ‘“ro~ ar. acetic acid sclution bty
tion of a slight excise of a 5% soluticn of §m=rydr .:;i*:llre in 127 acetic a:m‘
and subsequent neutraliation with dijute a.;**"*".l.l." hpriroxide, The precipitate
congists of very small crystals which give a vowler wzttern identiazl with that
of powdered s8ingle dinydrate crvstals., Trie ;meg ‘c'-:,sta tirg rrecipitete is
wmsehed thorcughly with het water to re-cve any excoss B-hrdroxyguinoline and tn
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is dissolved in pyridine., Water is added to the pyridine solution, k.pt et about
80°C until a orocipitate begins to form, The precipitate is redissolved by adding
a littls pyridine and the whole aclution 18 cooled slowly, in an oven, to roon
terperature, Cooling cver & period of two or three days yields crystals of usable
size, however, most crystals are lamellar twins, twinning plane (OQ). Cnly rarely
does ome find a good single crystal. The crystals are pale yellow and translucent,
The refractive indices were cdetermined by the usual irmersion methode to be

a = 1,65C % C.o2 B=1,78 2 0,@ v =31,82
Sign of refraction = =

Sc few well-formed single crystals were available that the orientation of the
indicatrix was not thoroughly established; homver, b = ¥

The unit cell dimensions were obtained fronm oseillaticrn photograpns and from
Weissenberg photographs eoploying the method of ¢ separations (Buerger 15u2),
The results are ‘

a = 11,284° b o= 5,L24° ¢ = 13,16° p = 106° 28

The density by the flotetion rethiod is 1,682 g./cm.”® which gives 1.%8, i.e.,

2 molecules per unit cell., By an unusual coincidence in this crystal, pointed out
by Hughes (1950), there existe a good check on the consistency of the valuse of

ra:) ¢ and B, On Weissenberg photographs of twinned erystals rothted about the
[C10] axis, every third layer where h = 0, 6 or 12 consists of single apots whereas
otherwise the spots are doublsts, OQCnly when all of the spots begin tc be resolved
into Ko, and Kgg doublets are theae 3pot# on every third layer resclvwed into three
or four spots, This indicates that the reciprooal lattice movas 20”in going 6™

sc that using the values of a and ¢ found previoualy: L PR
7 coea-c”. (]'_)'
and § = 106* 36! } ‘2)

This valus of P checks well with that found above,

Corplete sets of equi=inclination Weissenberg nhotographs about the 1100_;" anc
1010 axis were taken for intensity eatimation, The crystals used were roughly
1 rm, long by 0s2 mm, in diameter, Nec correcticns for avsarption were made, Copper
Kg radiation filtered through nickel was employed and rolative intensities were
estimated visually by compariscn with a standard intensity strip prepared by making
a serics of timed exposures of the (202) reflecticn, The multiple film technique o.
Robertson (1%43) was employed using four sheets of Bastman No=Screen X-ray filrc
and a factor of 3,7 for the <ecrease in intensity on passage of the beam through
cre layer of film, The usual corrections for the Lorentz and polarization facters,
the oblique penstration of the film by the X-rays for non-equatorial layer photo-
graphs, and the relative time factar of Cox and Shaw (1930) were applied, The
zero layer Weissenoerg film about | 100, was tzken as the stancard filn and by cross
calibration all intensities were reduced to this cormen level, ERelative!F qvalues
vere calculated, ) o

Systematic absences were noted for hQl when & is cdd
0kO when K i3 odd
no0 when & ois odd

with the single excepticn that an extremely weak reflec*ion was observed at the
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place where ((L0) should occur., If thia 18 a true reflection then the space group
could be Py/y or P/ce .The external morphology of the crystal shows a twowfold

axis of syrmetry which would fix the space group as P,/ . However, it is impossible
to pack the required two molecules satisfactorily in unit cell in this space
group with the short b axis existing in this crystal, -Therefare it appears certain
that the correct space group is P, - C5;h and that the very weak (Cl0) reflection
is most probably due to an inter feflection or perhaps to some slight disorder

in the {010\ directdon,

Determination of Atamic Positions

A Patterson projecticn, Figurc 1, upon (010) is sufficiently well resclwed
to yleld a trial structure, Contour lines in Figure 1 are drawn at arbitrary levels
of 1U0; the sero contour being dotted, Crosses rcpresent the ultimate positions of
projected vectors between the ,inc atom and the other atoms of the same nclscule,

Structure factars, Fngp, were calculated for this trial structure, Atomic
scattering factors were taken from the Internstionale Tabellen with corrections
applied to those for zinc due to dispersion of the K electronms (James 1950)s Since
the zino atom contributes to all of the 182 terms of this gone, nearly all signs
are positive, .Actually the signs of 154 terms appeared to be definitely fixed so
that they could be included in the firat Faurier projection, Three Fourier
projections served to refine the x and 8 paramesters. Only a very few of the weaker
terns changed sign in the precess of refimemente -The third Fourier Qrojection on
(CR0) is shown in Figure 2, .Contours are drewn at intervals of le A°"2 except
. near the origin where the contour interval is SgA*~2, The one elsctron contour is
dettad and the crosses snow the final poesitions of the projectsd atomic centers
after the structure determination was completed, For comparison purposes the final
atructure is shown as if projected on (C10) in Pigure 3,

After each projection & temperature and scale factor was determined by the
;g:d of lean;t-eqmrea using the following equation to represent the relationship
tween Fo and Fe, — R

s
kﬂ‘o!-'?o|oxp -BW 3)

The value of R = o= |[Fo = Pc| + Yofo| decreased from 081 to 0,16 and 0,164
during the procesa of these refinementss -Centers of peaks were deternined by the
msthod of Carpenter and Donchue (1950), After the x and s parameters were estab-
lished by the projection on (010) an estimate of the tilt ol the moleculs was
made by measuring the bond lengths in the benzene and pyridine rings, in projection,
and corparing these lengths with the expected values, It was estimated that the
molecule was tilted about L9° around an axis nearly perpendicular to [100Jand
lying in the (010) plane, .From this information the y parameters were estimated
and the structure facters fer all reflections were calculated, By trial and error
1t was disoovered that better agreemcnt between |Fojand|Fgicould be obtained if the
angle of tilt wore increased to 50°, At this point it was decided to carry out
the refinepent vith a three~dimensional Fourier synthesis, since ordinary project~
ions along’ 100 er {001 ] would not show many resolved atons,

b

Slight corrections were obtained from the three-dirmensional density function,
It appears that the molecule is tilted about 50,5° around an axis inclined 94°
t,ofloo]and also which rakes a slight angle of 3 3/4° with the (0l0) plane,

A least=squares rcfinemcnt of the pararcters according to the method of
Hughes (1941) cormleted the structure determination, All of the 1636 reflections
within the region investigatcd were included in this treatment. Only the diagenal
terms were calculated and used in solving the normal equations, The final
carrcctiond from the least~squares method averaged C.(025A° per parareter with a




=

maximum of 0.108° in the z paramotor of the C, atom, Final parameters for the
atoss are given in Table I, The final values of|F°‘a.nd.Fc are given in Table IT,
The final value of B, the exponent in the temperature factor expression, was

2.23 x 107*° cn®.

There arc 213 unooserved reflections. If those for which F, is below the
minimum observable value for the region of the film in which the reflection should
occur arc not counted but those for which F, would indicate the reflection should
have been observed are talen at the minimunm observable value of F, then R turns
out to be 0.,226. If these 213 reflections are left out altogether R would be 0.219.

The calculations of the Fourier density functions, structure factors and
least-squares refinement were carried out with the aid of I.B,li.. machincs
(Donohue and Schomaker, 19493 Shaffer, Schomaker and Pauling, 1946).

TABLE I

Atomic Parameters of Zinc 8-hydraxyquinolinate Dihydrate

Aton v Fraction of Cell Edge
X y z

Qy o e o i o e e (0,168 0.286 0.19%
Qe e Dy 0.326 0302,
Gy e e e (0167 0,175 0.372
Ca S - — 0,037 0.832 0.396
e p e S 3 0,646 0.350
Cg o e e e e 0009 0.623 0.24L
Cp = ; X 6.770 0.178
T R T o 1o 0.958 0.225
T W - 0,978 0.33%
0, : . semmee 0,156 0.73L 0. 007
H, e - 0,079 0,10k 0,156

7n T e s BT ¢ D¢ 010 0,000 0,050
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Discussion of Structure

The dimensions of a single asyrmetric unit are presented in Figure 3 and
Table III. Because of the prescnce of a heavy atom in the structure the positions
of the lighter atoms cainot be fixed as accurately as desired, It seens probable
that errors in bond distances between light ators may be as high as 0,06 to O.08A°
judging by the bond lengths in the benzene and pyridine ring and little welght
should be placed on the irregularities in the bond lengths in these rings, Tne
lengths of the bonds around the sinc atom, which are the most interesting in this
crystal, are undoubtably more precise due to the exact knowledge of the positicn
of the zinc ion and should not be in error by mere than about 0,03 to O.0LA°.

It would appear that the major distortions in bond angles which results from
formation of the five-membered ring are in the angles around the ginc ion and
arovnd the nitrogen atom, The Zn - N - C, angle has been decreased significautly
fror the expected angle of 120°,

The arrangement around the zinc atom is that of a distorted octahedron, This
is shown schematically in Figure L, The bond angle aof 79,8° between the wuxygen,
zinc and nitrogen atoms of the main part of the molecule probably represents a
sort of canprorise due to the rigid structure of the arganic chelating molecule
and the inatility to approach cleser to the zinoc atom without causing too short
bonds and too great a negative charge upon the zinc atom, A somewhat similar
distorted octahedral arrangement is found in nickel glycime dihydrate (Stosick,
1545), 1If the ligands were free to oove as necessary then a more re octaherral
structure would be expected such as was observed by Tang and Sturdivant (1952)
in manganese chlaride dihydrate-hexanethylene diardme complex.

The 2énc atoe has a closed third electron shell and therefore the bonding
of the six groups must be through use of the Us, Lp® and 4d® orbits, This would
be sirdlar to g cz8@ of the above mentioned mangansse complex where magretdic
susceptibility measurements have shown five unpaired electrons., There is
undoubtably considerable iondc character in these bonda,

From the normal covalent radii asoribed to axygen (0.664°) and to nitrogen
(0.70A°) and the Zn=0, and Zn-N bond distances in this crystal, it appears that
the octahedral covalemt radius of the zinc aton is about 1,384° Pauling (19L45)
lists 1,31A° as the tetrahedral covalent radius of zinc, The increase of about
0.07A° seems reasgpable if the unstable Ld orbitals are involved at all,

The water molecules are much less firmly attached to the zinc atem than is
the organic molecule as shown by the greater Zn=0; distance and confirmed by the
fact that the cormpound loses these water molecules on drying above 135°C. The
anhydrous complex is undoubtably tetrahedral since Liu and Bailar (1951) have been
able to resolve the anhycrous zinc complex of 8-hydraxyquinoline-S-sulfonic acid
into optically active isomers, ilundy (1548) has shown that the copper 8-hydroxy-
quinoclinate camplex exists in two forms, an anhysdrous form with space group
Pa and four atom# per unit ccll and a dihydrate isamorpnous with the zinc
co&é&ex. According tc this observation, there is no reason wiy the anhydrous form,
at least of the copper cornlex, should not be tetrahedral, It is interesting to
note that the resolved comouncds of Liu and Bailar are =asily racemized on standing
in vater which mght indicate that they pick up two water nmolecules and revert to
the structure shown in this report,

The mclecules in zine 8~hydraxyquinolinate dihydrate show no unusually close
approaches, The smallest intermolecular distance i3 3,45A° between adjacent water
rolecules, The closest approach of carbon atoms i3 3,47A°. These distances
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b=

eliminate the pcssibility of hydrogen bonding and indicate that molecular binding
in the erystal is mainly through van der Waals forces,

The hydrogen atons, which altogether contribute 8% of the scattering matter
of the unit cell, were neglected entirely in this determination, Inclusion of
the hydrogens would probably improve slightly the agreement between cbserved and
caleuwlated structure factors, It is alse probable that an anisotropic temperature
factor would materially improve the agreerent., A root-mean=squarc displaccoent
of the atoms of 0.17A° is indicated frorm the velue of B in the temperature factor
expressions

The atoms of the 8=hydroxyquimnoline molecules and the zinc atom all lie in
a plane within the lirdts of experimental error except perheps for the oxygen atom,
0,, vhich seers to be about 0,10A° below the least~squares-best plane. If the
five-pembered ring alone is considered, nonme of the atoms in this ring arc more
than 0,054° from a plane, The equation of the least-squares-best plane far the
whole assymetric unit in terms of the unit celi vectors is

a = 0,399%b = 0,255k = 0 (L)

The average deviation of atoms from this plame is 0,03A° and the maximum deviation
is 0,10A° for the axygen ctem Og,

EATS
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Bond
Zn~0y

Zn=0,
N~C,

C1~C2
C2=C;
Ca~s
Ce~Co
Cg=N

Cs=Cso
C4=Cs
Cs=Ce
Ce~Co
Co~Ce

C 7"01

Distance
2.05A°
2,06
2.27
1.33
1.38
1.40
1.42
1.bo
1.37
1.32
141
1.3L
1,37
L.LL

1.29

~Tw
TABLE III

Interatcomic Distances ancd Angles in
Zinc 8-Hydroxyquinolinate Dihydrate Crystal

Bonds
0,=2n=N
0, ~Zn~0g
N=Zn=0,
Zn=N~Cq

Cg~C7=0y
Coe01=Zn
N=C,-C,

C1-C2-C3
Ca=C3—Coq
C3—Co=Cg
Cg=Cga=N

Ca=N=C;

Co=Ce=Cso
Cg=Ca=C4y
Cg~C4~Cs
Ce~Cs=Ce
Cs;ce'cv
Cg=C7=Ce
Ce~C7=0,
Zn=N=C,

Ca~Co=C4

Angle
79.8°
9.6
92,7
111.8
116.1
117.4
14,3
120,9
119.9
121,1
113.5
125,1
119.0
118.8
121.0
120.1
120.6
121,6
117.8
12L.4
128, 9
125.6
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TABLE 1I
Observed and Caleculated Structure Factars

The reflections in the following table are listed in goups with h and k cone
stant in each ,rou., ‘he first colucn gives the 1 index, the second gives the
calculated siructure factor, and the third gives the obaerved siructure factara
All values of structure factors nave been multinlied by ten to elirinate decipalse

o
1 Fe Fo 1 Fe Fo 1 e Fo
e =36 57 6 as e 3 G 65
3 600 520 7 218 a9
L 271 335 6 268 267 081
5 767 1005 g 315  3s
6 589 766 10 =22 73 1 8o 80
7 146 123 1 53 28 2 80 60
8 279 340 12 100 136 3 7T 223
g 236 320 13 a 24 L a2
16 235 315 VA 77 15 5 :fg 25
1 271 326 15 L9 n 6. 3 (42§
12 %9 3715 7 59 b 14
E a7y 34l Ro: £} 8. =24 ¢35
150 173 9 57
15 108 133 1 2 17 10 -_gf 28
B 1@ 9L 2 =268 232 1 - 12
3 29 230
ol o =3 60 s A1
1 150 112 g h'ri §3
0 0 123 3y
2 95 A 7. =72 80 1. =£5 37
i 24, a2 & =13% 129 2 52 51
153 127 9 & 50 2 136
5 230 25 10 138 129 i 22 Lk
6§ 165 170 1 62 n 5 T 58
T =12y 112 12 ral 23 6 79 90
s B & L 3 I .
- R Q
10 =21 53 18 1
U -5 126 aa phil
12 = =18 23
13 120 o0 0 319 327 0 845 &3
U «31 30 1 Lk Lo bt 251 19;’
15 2L 25 2 337 312 2 418 3a
16 2.0 <¢ 3227 2 3 2m 232
L 288 2Lo i LL§ 281
21 5 22, 223 5 s 425
) 6 225 301 6 293 331
0 =204 1569 7 1 é2 7 293 352
1 39 51 8 25 L6 8 L6 280
2 100 L6 § 197 216 ; 1 7
3 209 227 10 228  L16 10 14 179
L 318 3363 11 176 373 n 15 159
5 132 127 12 138 315 12 163 179
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Figure l. Pattersn Projection of Zinc 8-Hydroxyquinolirate Dihydrate Upon
(010). Compare With Figures 2 and 3. Crosses Indicate Final
Positions of Atom Centers. Contour lines at arbitrary intervals,
zero contour dotted, contours around origin at Lx value of others.
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Figure 3. Structure of Zinc 3-Hydroxyquirolinate Dihydrate as Seen Prodected
vpon (010). Actual Interatomic Distances Indicated in Angstrom
Units.
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Figure L. Schematic Representation of Jonds Around Central Zinc Atom in Zinc
8-Hydroxyquinolinate Dihydrate,



